Summary A cohort of 11,580 residents of a retirement community initially free from cancer were followed from 1981 to 1989. A total of 1,335 incident cancer cases were diagnosed during the period. Relative risks of cancer were calculated for baseline consumption of vegetables, fruits, beta-carotene, dietary vitamin C, and vitamin supplements. After adjustment for age and smoking, no evidence of a protective effect was found for any of the dietary variables in men. However, an inverse association was observed between vitamin C supplement use and bladder cancer risk. In women, reduced cancer risks of all sites combined and of the colon were noted for combined intake of all vegetables and fruits, fruit intake alone, and dietary vitamin C. Supplemental use of vitamins A and C showed a protective effect on colon cancer risk in women. There was some suggestion that beta-carotene intake and supplemental use of vitamins A, C, and E were associated with reduced risk of lung cancer in women, but none of these results were statistically significant. These inverse associations observed in women seem to warrant further investigation, although there was inconsistency in results between the sexes. Diet appears to play an important role in human carcinogenesis (Ames, 1983; (Buring & Hennekens, 1989; Fontham, 1990; Willett, 1990a). The quality of the epidemiologic studies evaluating these hypotheses, especially in terms of statistical power and the rigor with which the dietary data were collected, has varied considerably.
Diet appears to play an important role in human carcinogenesis (Ames, 1983; . Dietary factors may also be protective against cancer development. Among a large number of components of foods, carotenoids, especially beta-carotene, and to a lesser extent vitamin C have received special attention as promising chemopreventive agents for cancer . The results of epidemiological studies have generally supported a protective effect on cancer of carotenoid-rich and vitamin C-rich foods, although results are not entirely consistent (Buring & Hennekens, 1989; Fontham, 1990; Willett, 1990a) . The quality of the epidemiologic studies evaluating these hypotheses, especially in terms of statistical power and the rigor with which the dietary data were collected, has varied considerably.
We report here the results of a prospective cohort study of an elderly population in which we examined the relationship between dietary intake of vegetables, fruits, beta-carotene, and vitamin C and the incidence of cancer. The effects of vitamin supplements on cancer risk was also assessed.
Materials and methods

Subjects and initial data collection
In June 1981, a detailed health questionnaire was sent to all residents of Leisure World, Laguna Hills, a retirement community near Los Angeles, California. The same questionnaire was sent to the new residents living there on 1 June 1982, 1 June 1983 and 1 October 1985. Of the 22,781 residents mailed the questionnaire, 13,981 (61%) returned it. The residents of this community, about two-thirds of whom are women, are almost entirely Caucasian and of the uppermiddle socioeconomic class. A roster of community residents including address, date of birth, and date of move-in was made available to us for this survey by the community business office.
The questionnaire requested basic demographic information as well as information on medical history, personal habits, and diet, including history of cancer; use of cigarettes; use of vitamin supplements; and usual frequencies of consumption of 59 food items, including 21 vegetable items and 23 fruit items (see Appendix). The questionnaire was designed specifically to measure intake of foods rich in either vitamin A and its precursor or vitamin C.
Dietary information
The food frequency categories used in the diet section of the questionnaire were: (1) rarely or never, (2) a few times per year, (3) about monthly, (4) a few times per month, (5) a few times per week, and (6) daily or almost daily. An 'in season only' box was available for seasonal fruits and vegetables to indicate that a particular pattern of consumption was limited to a specific part of the year.
Responses to each food item was assigned numerical values indicating approximate daily intake frequency (i.e., 0 for 'rarely or never', 0.01 for 'a few times per year', 0.03 for 'about monthly', 0.1 for 'a few times per month', 0.5 for 'a few times per week', and 1.0 for 'daily or almost daily'; if 'in season only' was marked, the figure was multiplied by 0.25) and these figures were summed over a group of food items to obtain scores for the following five food categories: (1) all vegetables and fruits (44 items), (2) all vegetables (21 items), (3) all fruits (23 items), (4) dark green vegeatables (other leafy greens, broccoli, and brussel sprouts), and (5) yellow vegetables (sweet potatoes, carrots, summer squash, red peppers, and chili peppers) (see Appendix). Therefore, the potential range of scores for each of these categories was from zero to the number of items in each food group (for a subject who ate all items in the group every day).
Average daily intake of beta-carotene was estimated for each subject by summing the products of the respective betacarotene content in the common measure (serving size) of each food item (converted from Vitamin A values in the US Department of Agriculture tables of food composition (US Department of Agriculture, 1976 ; beta-carotene in fg = 0.6 * vitamin A in IU) and its frequency of consumption. A beta-carotene value of 541 ,sg per serving was assigned to tomatoes without use of the vitamin A value, as lycopene rather than beta-carotene is the dominant carotenoid in tomatoes (Dr G.R. Beecher, personal communication). Dietary vitamin C intake was calculated similarly using the values in the US Department of Agriculture tables of food composition (US Department of Agriculture, 1976 Agriculture, -1984 . For the questions which included more than one food item, the values were averaged over the foods in the categories. The portion size of each item used is indicated in the Appendix.
The vitamin supplement users (those who used the supplements at least once a week) were asked to give the brand name, weekly frequency of use, and the vitamin A, C, and E contents of each supplement used by referring to the label. Follow-up (Baker & Nelder, 1978) . Two-sided Pvalues were calculated to test for statistical significance.
Results
Eighty-two percent of the cohort members were between 65 and 84 years of age at entry into the study. The mean (standard deviation) of age was 74.9 (7.2) years for males and 73.8 (7.4) years for females.
Among male participants, the proportions of never, past, and current smokers were 34%, 58%, and 9%, respectively. The corresponding figures for female subjects were 55%, 33% and 13%, respectively.
The means and ranges of the daily intake frequency scores were as follows: 'all vegetables and fruits ', 7.2 (0-28.8 frequency scores and of estimated beta-carotene and vitamin C intakes were higher for females than for males. All were highest among never-smokers followed by past smokers, and then current smokers.
Forty-one percent of the male subjects and 46% of the female subjects reported regular use of vitamin A supplements. The proportions of subjects who regularly used vitamin C supplements were 57% and 64% for males and females, respectively. Vitamin E supplements were used by 49% of males and 54% of females. Among vitmain users, two-thirds were taking supplements of all three of these vitamins. The median daily doses of vitamins A, C and E among the users were 10,000 IU, 500 mg, and 200 IU, respectively. More than 90% of the subjects who answered yes to the question on vitamin supplement use had used the supplement for at least one year before entry into the study.
Person Relative risk estimates for total vitamin C intake (i.e., daily dietary vitamin C intake plus daily dose of vitamin C supplement) showed a consistent pattern with those of dietary and of supplemental vitamin C. In men, statistically significant reduced risk of bladder cancer was observed for high intake of total vitamin C (RR = 0.55; 95% C.I. 0.31-0.98). Relative risk of colon cancer for women in the high tertile of total vitamin C intake was also statistically significant (RR = 0.57; 95% C.I. 0.35-0.92).
Because of collinearity, the relative risk estimates for the three vitamin supplements (A, C and E) became unstable (i.e., they had wide confidence intervals) when they were included in a model simultaneously. The protective effects of vitamin C supplement on bladder cancer risk in men and of vitamin A and C supplements on colon cancer risk in women remained, although they were no longer statistically significant.
Discussion
Many epidemiologic studies have examined the effect of diet on cancer occurrence. Recent reviews (Buring & Hennekens, 1989; Fontham, 1990) have examined in detail the epidemiologic evidence relating dietary intake of beta-carotene (Graham et al., 1978; Shekelle et al., 1981; Graham et al., 1982; Wu et al., 1985; 1987; Ohno et al., 1988) and of vegetable and fruit intake (MacLennan & DeCosta, 1977; Hirayama, 1979; Mettlin et al., 1979; Ziegler, 1986; Fontham et al., 1988; LeMarchand et al., 1989) to risk of specific cancers and of cancer overall. Beta-carotene has been found to be a possible protective factor for several cancers, including especially cancers of the lung, gastrointestinal tract, prostate, and breast, in some but not all epidemiologic studies (Graham et Aoki et al., 1987; Stryker et al., 1988) .
In this study, vegetable and fruit intake and fruit intake alone were inversely associated with cancer of the colon and cancer of all sites combined (largely due to the contribution of colon cancer) among women, but similar relationships were not seen in men. For men, a statistically significant inverse association was observed for vitamin C supplement use and bladder cancer, but we did not have a sufficient number of bladder cancer cases (n = 23) for a meaningful (51) (62) analysis of this relationship in women. We observed no statistically significant relationship between beta-carotene intake per se and all cancer or any specific cancer in either sex, despite the large number of cancer cases under study. Among women, lung cancer risk did decline consistently with increasing intake of beta-carotene, even though these results were not statistically significant. Supplemental use of vitamins A and C were associated with a significant reduction in risk of colon cancer in women and, although the results were not statistically significant, supplemental use of these vitamins showed comparable effects on lung cancer risk.
Smoking may be not only a confounding factor but also an effect modifier; i.e., the effects of vegetables, fruits, bined observed among women are difficult to ignore. The discrepancy could be due to differential accuracy of selfreported dietary information between males and females. It is possible that women recall dietary habits better, on the average, than men, given their traditional role in buying food and preparing meals. It also seems possible that an association between dietary factors and cancer risk was missed in men because men underwent greater dietary changes following retirement compared with women and thus we were unable to capture the 'true' exposure status in men (i.e., accurate dietary status during the most relevant time period preceding diagnosis). However, the average age of subjects at entry was 74 years so that the majority had been retired already for nearly 10 years assuming an age of retirement was 65. Although unlikely, it should also be noted that the observed differences in relative risk estimate may be due to the fact that tertiles were created for males and females, separately, and thus represent different absolute intake levels.
The protective effects of the several food groups observed in women might be explained at least in part by the high content of vitamin C in those foods because both dietary vitamin C intake and vitamin C supplement use showed a protective effect. A protective effect on colon cancer risk in women was also observed for total vitamin C intake. Previous evidence for a protective role of vitamin C against colorectal cancer is far from conclusive although some studies have supported the hypothesis (Chen & Barnes, 1990) . In a case-control study of Chinese, Whittemore et al. found an inverse relation between frequency of vegetable consumption and risk of colorectal cancer but frequency of fruit intake had no effect (Whittemore et al., 1990) . Willett et al. (1990b) reported an inverse association between fruit fibre intake and colon cancer risk in the Nurses Health Study, but neither that effect nor the effect of vitamin C intake were statistically significant after total energy intake and consumption of fat were considered.
Dietary fibre is another candidate nutrient that may explain the protective effect of vegetables and fruits on colon cancer risk (Lanza & Greenwald, 1989) . However, the database of dietary fibre content in various foods is still provisional (Lanza & Butrum, 1986 ) and our questionnaire was not devised to measure dietary fibre intake specifically.
In our study, since total energy intake and fat intake were not evaluated, adjustment for these factors could not be made. However, adjustment for body mass index or physical activity did not materially alter the results (data not shown).
Incidence rates of cancer observed in this largely white population are generally comparable with national figures for whites (Muir et al., 1987) with the exception of a low observed incidence of lung cancer (an expected result, however, based on the low smoking rate in this cohort). It is unlikely, therefore, that a large proportion of incident cases of cancer were missed, which could have led to biased results. The high follow-up rate in terms of vital status (virtually 100%) also supports the completeness of case detection.
Accurate dietary assessment of individuals has been of major interest to investigators trying to explore the assocation between diet and cancer. Several dietary methods have been compared (Gray et al., 1984; Willett, 1990c) . Jain et al. (1980) reported that the dietary history method showed sufficient validity and reliability to make it a useful instrument for epidemiologic studies. The food frequency questionnaire method has advantages over short-term dietary methods such as 24 h recall and dietary records in large scale epidemiologic studies (Morgan et al., 1978) . Although quantitative data on portion size of foods increase accuracy in estimating the intake of specific nutrients (Hankin, 1987) . Samet et al. (1984) noted that portion-size questions provided little additional information in ranking individuals . Humble et al. (1987) reported that vitamin A intake calculated with and without portion sizes was similarly related to a reduced risk of lung cancer.
In the present study, we did not collect information on portion size for each food item. Although the composite scores may not be proportional to the absolute intake of nutrients such as vitamins and fibre, we expect the scores to reflect the relative distribution of vegetable and fruit intake among the study population and to serve the purpose of ranking subjects with regard to consumption of those nutrients. We previously reported the results of a comparison of two other methods (index based on intake frequencies and stepwise multiple regression) to estimate vitamin A and C intakes in 50 of these subjects, with those obtained from this self-administered food frequency questionnaire (Gray et al., 1984) . The three methods generally provided similar results in terms of broad classification categories for these two nutrients.
The difference in median intake of beta-carotene between 'high' and 'low' tertiles in this study was about 5-fold. Such dietary differences have been shown to be associated with substantial differences in serum levels of beta-carotene. There was also a substantial range in median intake between the high and low tertile categories for vitamin C intake and for the various food groups assessed in this study. However, the estimated daily beta-carotene intake for 9% of men and 56% of women in the lowest tertile was above the US Recommended Dietary Allowance of vitamin A. Although nutrient intakes calculated from food frequency questionnaires tend to be overestimates of actual consumption, the population under study here seems to have relatively high consumption of beta-carotene (and presumably other micronutrients as well) on the average. In fact, the average intake of the foods and nutrients of interest and of vitamin supplements was likely to be sufficiently high so as to preclude detection of a potential harmful effect of very low intake of these food groups or nutrients on cancer risk.
If micronutrients can reduce cancer risk, it is uncertain what the critical period in which dietary factors would play a protective role might be. We presume, perhaps erroneously, that a dietary assessment taken late in life provides a reasonable assessment of usual adult diet. In our study, we captured the average dietary pattern in the 12 months before the questionnaire was administered. It is possible that undetected cancer might have affected dietary patterns of the subjects. However, in the present analysis, we exluded cancer cases diagnosed during the first year of follow-up. In addition, the statistically significant findings for colon cancer observed among women were very similar between the first 3 years of follow-up and the more recent follow-up period (data not shown).
Uncertainties about the exposure variables, as discussed above, might have caused misclassification of subjects. As the data on diet were collected before the cancers developed, the misclassification would be non-differential. Such misclassification could have diluted the effects, if any, of the dietary variables and the specific micronutrients under investigation on cancer incidence. Nonetheless, we interpret our data as providing no strong support for a protective effect of any of the food groups, of vitamin supplements, or of dietary betacarotene intake on cancer risk. This study was supported by US Public Health Service grants CA
